Background. Fecal microbiota transplant (FMT) appears safe and effective for treatment of recurrent Clostridium difficile infection (RCDI). However, durability, long-term clinical outcomes, and patient satisfaction after FMT are not well described.
Clostridium difficile infection (CDI) can lead to diarrhea that can cause significant morbidity and mortality [1] . It is the most common healthcare-associated infection in the United States, and rates of recurrent CDI (RCDI) appear to be rising [2] . Disruption of the normal gastrointestinal microbiota via antibiotics or other healthcare exposures is a key step in CDI pathogenesis that allows C. difficile to proliferate in the intestine and produce toxins, leading to acute inflammation and diarrhea [3, 4] . In severe cases, CDI can progress to sepsis, pseudomembranous colitis, toxic megacolon, and death [5] . Current firstline treatments for CDI are oral vancomycin or metronidazole. However, recurrence after completion of a first treatment course ranges from 15% to 20% and increases up to 60% after the first recurrence [6] . Given the intestinal microbiota's role in CDI susceptibility, fecal microbiota transplant (FMT) has emerged as a therapy to modify this risk without the use of antibiotics.
However, the long-term efficacy of FMT in reducing RCDI is not well described.
FMT involves transfer of a healthy donor's stool to a patient's gastrointestinal tract in an attempt to restore a healthy microbiota [7] . Several studies have indicated that the procedure is safe and effective for CDI, with resolution rates ranging from 85% and 90% [8, 9] . A 2012 multicenter long-term follow-up study that described clinical outcomes in 77 patients included a secondary cure rate of 98%. The study also assessed the development of new medical conditions and improvement of previous medical conditions during the post-FMT period [10, 11] . However, understanding of long-term safety, patient satisfaction, and durability, defined as absence of CDI after FMT, remains limited by small sample sizes and mean follow-up time of less than 1 year. As FMT is becoming increasingly used for RCDI [12] , we sought to estimate long-term clinical outcomes of FMT recipients, durability of the procedure, and patient satisfaction.
Antibiotic Utilization, and the Pharmacy and Therapeutics committees since July 2012. FMT was performed in both outpatient and inpatient settings using either nasogastric tube or colonoscopy. Informed consent for FMT was obtained from all patients or their medical decision makers. Demographic and clinical data were collected by chart extraction and follow-up questionnaire (see Supplementary Materials) administered as a scripted telephone interview. The questionnaire was developed by the coauthors (Y. M., C. K., T. D.) based on previous publications [10, 11] and was not validated. Retrospective chart review and survey questionnaire were approved by the Emory University Institutional Review Board (approval 71277).
The primary study outcome was RCDI cure at the time of the follow-up survey, defined as absence of RCDI after FMT. Patients were assigned to the RCDI group if they had recurrence of diarrhea that was confirmed to be C. difficile positive by polymerase chain reaction (PCR) after FMT. Patients without diarrhea after FMT or with diarrhea that was C. difficile negative by PCR testing were assigned to the non-RCDI group. Pre-FMT data that were collected included patient's health status at the time of FMT (outpatient, hospitalized, or nursing home facility), number and type of failed CDI antibiotic treatment courses, and donor relationship to patient. Post-FMT data that were collected included recurrence of diarrhea (all cause and CDI related), antibiotic exposures after FMT (classified by antibiotic class and number of antibiotic courses), and history of hospitalization or surgery post-FMT. Improvement or worsening of preexisting medical conditions or development of any new medical conditions or symptoms was recorded. To assess patient satisfaction with FMT, we also asked patients if they would undergo another FMT in case of RCDI and if they would prefer this to antibiotics as an initial treatment option.
Data were analyzed using SAS version 9.4 (SAS institute, Cary, North Carolina). Differences in proportions were tested with χ 2 and Fisher exact tests as appropriate. Differences in means were tested with 2-sample t tests. Logistic regression was used to estimate etiologic associations and odds ratios (ORs) between potential risk and protective factors for CDI recurrence post-FMT. A P value <.05 was considered statistically significant.
RESULTS

Patient Characteristics
Of 232 patients who received FMT, 26 were deceased and 15 were unable to be reached with available contact information. Of the remaining 191 eligible patients, 137 (71.7%) responded to the survey and completed a majority of the questions ( Table 1) . Review of the patients who died after FMT suggested that none of the deaths were attributable to FMT ( Long-term Outcomes of FMT for RCDI • CID 2018:66 (1 June) • 1707
Donor Characteristics
All but 1 of the eligible patients who underwent FMT at Emory University received screened material from unrelated donors who were unknown to the recipient but known to the author who processed the donated feces (C. K.). These unrelated donors were screened by the consensus donor screening recommendations at the time [13] . In 8 patients who reported receiving additional FMT outside the study institution, 6 reported having a spouse or relative as a donor and 2 had unrelated donors.
Pre-FMT Data
The median number of antibiotic treatment courses that failed before FMT was 4 (range, 1-12). Oral vancomycin was used in 133 of 137 patients (97%), 108 (79%) received metronidazole, 53 (39%) received fidaxomicin, and 2 (1%) received rifaximin ( Table 1) .
Post-FMT Data
Sixty-six of 137 patients (48%) experienced recurrence of diarrhea between the time of the last FMT and follow-up. Of these patients, 42/66 (64%) had diarrhea that was self-limited or C. difficile PCR negative and not attributed to RCDI. The most commonly reported causes of recurrent diarrhea after FMT not related to RCDI were Crohn's disease flares, microscopic or ulcerative colitis (6/66, 9%), surgery (3/66, 5%), irritable bowel syndrome (IBS; 2/66, 3%), and self-limited gastroenteritis (2/66, 3%). The remaining 24/66 patients (36%) with diarrhea who had positive PCR testing for C. difficile after FMT were classified as having RCDI. Table 3 shows post-FMT data from all participants at time of follow-up as well as participants stratified by recurrence and nonrecurrence of CDI. Overall antibiotic use post-FMT for indications other than C. difficile was reported in 61/137 (45%) respondents. Stratified by recurrence, non-CDI antibiotic use after FMT was more common in the RCDI group compared to the non-RCDI group (75% and 38%, respectively; P = .0009). The median number of antibiotic courses post-FMT was 2 (range, 1-10). Stratified by antibiotic use, RCDI was found in 18/61 patients who used antibiotics in the post-FMT period (29.5%) compared to 6/76 patients who did not use antibiotics (7.9%). The most frequently prescribed antibiotics post-FMT overall and in the RCDI group were quinolones, cephalosporins, macrolides, and nitrofurantoin. In the non-RCDI group, quinolones, macrolides, penicillins, and cephalosporins were the most frequently prescribed antibiotics. Receipt of antibiotics previously reported to be associated with CDI (cephalosporins, clindamycin, and fluoroquinolones) had an estimated OR of 3.78 (95% confidence interval [CI], 1.16-12.30) for RCDI after FMT [14] . ORs for RCDI after use of these antibiotics were similar after controlling for receipt of proton pump inhibitors or probiotics. There was no clear positive association with increasing count of antibiotics after controlling for receipt of an antibiotic with higher risk of CDI (cephalosporin, clindamycin, fluoroquinolone), as shown in Table 4 .
Regarding medical complications post-FMT, 54/137 (39%) of respondents reported hospitalization after FMT; however, no patients were hospitalized for reasons directly related to FMT. Patients with RCDI were more likely to be hospitalized (18/24, 75%) than patients without RCDI (36/113, 32%). Nine hospitalizations in the RCDI group were related to C. difficile complications, while 1 hospitalization in the non-RCDI group was related to chronic complications of a previous CDI. Overall, 41/137 patients (30%) had surgery post-FMT for medical conditions not related to the FMT procedure. Specifically, 50% in the RCDI group (12 of 24 patients) had surgery and 26% in the non-RCDI group (29 of 113 patients, P = .024) had surgery; 3 of the surgeries in the RCDI group were due to CDI complications (colectomy in all 3 cases); 2 of the surgeries in the non-RCDI group were due to chronic complications of prior CDI (abdominal wall repair due to toxic megacolon and partial colectomy). One patient was noted to have an episode of hemoptysis 1 year after FMT administered via gastrostomy tube; results of Helicobacter pylori testing were not available. Overall, 12/137 patients (9%) reported resolution or improvement of a preexisting medical condition other than CDI post-FMT; these medical conditions included Crohn's disease, IBS, diverticulitis, and common variable immune deficiency (CVID)-associated infections (Table 5 ). After further review of the medical record of the patient with CVID, the patient had been experiencing intermittent infections and was still receiving intravenous immunoglobulin, so this may have primarily been an improvement in the patient's perceived degree of illness. Forty-three of 137 patients (31%) reported diagnosis of a new medical condition or development of new symptoms post-FMT, as shown in Table 6 . Interestingly, Crohn's disease was one of the medical conditions reported to have worsened post-FMT; 2 patients experienced a Crohn's flare-up, including 1 patient who developed pyoderma gangrenosum. Patients Table 4 reported a median weight gain of 5 pounds (range, −53-60) from time of FMT to time of follow-up. Stratifying by RCDI, the RCDI group had a median 0-pound change in weight, and the non-RCDI group had a median increase of 5 pounds from FMT to time of follow-up. Patients reported high levels of satisfaction with FMT for RCDI. Of all respondents, 95% indicated willingness to repeat the procedure in case of a future C. difficile episode. Of those who indicated willingness to repeat the procedure, 70% reported a preference for FMT as the initial treatment option over antibiotic therapy, 26% preferred initial retreatment with antibiotics, and 4% were undecided between the 2 treatment options.
. Number of Antibiotic Courses After Fecal Microbiota Transplant (FMT) and Crude and Adjusted Odds Ratios for Recurrent Clostridium difficile Infection in Patients Who Underwent FMT From July 2012 to December 2016 and Responded to the Follow-up Survey
DISCUSSION
In this telephone follow-up survey of durability of FMT, 82% of 137 respondents were free from CDI recurrence at a median of 22 months follow-up. Given that FMT has been reported in other studies to exhibit short-term cure for RCDI of approximately 90%, these data suggest that FMT may also have long-term effectiveness in breaking the cycle of RCDI [10, 25] .
These findings underscore the value of FMT in avoiding repeated antibiotic administration that can perpetuate intestinal dysbiosis. However, these data also highlight the limitations of FMT and other factors that modify risk of RCDI. Forty-five percent of all participants received antibiotics for non-CDI indications after FMT. Receipt of cephalosporin, clindamycin, or fluoroquinolone after FMT compared to receipt of other antibiotics had an estimated OR of 3.78 (95% CI, 1.16-12.30) for CDI recurrence. Despite the increased odds of RCDI with these antibiotics, increasing numbers of antibiotic courses did not have a clear positive linear association with odds of RCDI. This suggests that attention to antibiotic selection in this patient group may pay dividends in mitigating RCDI after FMT [26] . Probiotics have been variably shown to be protective, and use of proton pump inhibitors is a known risk factor for CDI; however, these effects were not seen in this retrospective series [27, 28] . Probiotic use was more frequent in patients with RCDI compared to patients without RCDI (62% vs 41%, respectively; P = .05). However, we suspect that this represents bias related to a higher rate of probiotic use either for higher perceived risk of RCDI among these patients due to underlying illnesses, antibiotic exposures, or some other cause rather than a causal effect of probiotics in increasing risk of RCDI. Though improved microbiome diversity has been well demonstrated after FMT, the durability of this effect when faced with disruption from repeat antibiotic challenges has been poorly defined. The potential benefits of prophylactic FMT or other microbial therapeutics to improve microbiome diversity after exposure to these antibiotic classes should be further studied. Creation of microbiome diversity indices to estimate the health of a specific patient's intestinal microbiome may also assist in better identifying patients who would benefit most from such interventions [29] .
Beyond interrupting cycles of RCDI, FMT is being increasingly studied for other indications. As noted in other follow-up studies of FMT for RCDI [10] , patients in our study reported improvement in preexisting medical conditions as well as development of new medical conditions in the post-FMT period. Five patients reported improvement in their preexisting inflammatory bowel disease (IBD) or IBS, and 2 patients reported worsening of IBD. This inconsistent response echoes the muddy signal from multiple recent clinical trials of FMT for IBD and IBS that have yet to demonstrate consistent therapeutic benefit, though many maintain hope that the intestinal microbiome will be an amenable therapeutic target for these debilitating diseases [30] [31] [32] . One patient was diagnosed with nonalcoholic fatty liver disease (NAFLD) after FMT. There are a number of hypothesis-generating studies that have suggested associations between the intestinal microbiota and NAFLD. However, without a control group, we were not able to further evaluate a potential causal association with FMT in this case [15] .
One patient in our study was diagnosed with colon cancer in the post-FMT period. Though there is increasing recognition of associations between the intestinal microbiome and colorectal cancer, identification of 1 case of colorectal cancer in this series does not dramatically exceed the expected incidence for patients in this age group [33, 34] . The rarity of this event and expected event rate make it unlikely that there was a causal association between FMT and new diagnosis of colorectal cancer. More study is needed to better evaluate the relative contributions of all components of fecal material, including bacteria, archaea, viruses, fungi, protists, human cells, and metabolites, to the safety and efficacy of microbial therapeutics for non-RCDI indications.
The vast majority of patients in our study (97%) received oral vancomycin prior to undergoing FMT but had sufficient symptoms to warrant further consideration of FMT. Though there is significant referral bias in this statistic given the requirement at our institution that patients fail oral vancomycin prior to undergoing FMT, this emphasizes the limitations of this therapeutic approach in treatment of RCDI. Clinicians would do well by their patients to refer them for consideration of FMT after their second recurrence of severe disease or hospitalization for CDI, and hospitals and regulatory agencies should work to ensure wide availability of microbial therapeutics. With regard to the number of antibiotic courses tried before initiation of FMT, the vast majority of patients in our study underwent the procedure after failure of at least 3 courses of CDI antibiotic treatment. However, 1 patient with severe CDI underwent the procedure after failure of 1 antibiotic course due to history of allergic reaction to antibiotics, and 4 patients had FMT after 2 courses of CDI antibiotic treatment due to a previous history of refractory RCDI. This study's limitations include its retrospective design and potential recall bias within the phone survey. The majority of FMT recipients at our institution were treated in the outpatient setting (82%), which may have contributed to a referral bias toward the null of post-FMT complications given the anticipated better overall health of patients who undergo an outpatient vs inpatient procedure. Surgery and hospitalization were more common in the RCDI group, but this is likely a reflection of disease severity and the comorbidities commonly associated with RCDI. The retrospective design of the study limited our capacity to collect samples for microbiome analyses to test microbial differences in patients with improved or worsening medical conditions after FMT. The single-center design of this study could raise questions of external validity and generalizability, but baseline patient characteristics are similar to those from a multi-center study from 2012 [10] . Strengths of our study include a larger sample size than prior studies, longer duration of follow-up and use of universal fecal donors who were screened by consensus donor screening recommendations at the time [13] . Patient registries as announced by the American Gastroenterological Association and the Infectious Diseases Society of America will likely further advance our understanding of long-term safety and efficacy of FMT in the treatment of RCDI [35] .
Notably, 95% of patients indicated that they would undergo FMT again if necessary, with 70% indicating that it would be their first-line treatment of choice. The "yuck factor" associated with FMT is an often-referenced barrier to more widespread use [36] . However, data suggest that patients who undergo FMT for RCDI are highly satisfied with the procedure and testify to the significant patient-level burden of RCDI.
In summary, this follow-up study has demonstrated that FMT was an effective treatment option in our cohort of 137 RCDI patients. The durability of the procedure was supported by a maximal post-FMT disease-free interval of 51 months with low rates of FMT-related complications and highly positive patient perception of the procedure.
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